ABSTRACT: The analysis of eight different triticale varieties, from selective experiments, crop 2007, from Rimski Šanåevi (Serbia) location was performed. On the basis of results obtained from triticale and produced triticale malt analysis as well as during micromalting, technological quality of investigated triticale varieties was evaluated. The aim of the work was to determine if the gibberellic acid added during the germination phase had a positive influence on the degradation of triticale grain during micromalting. Based on the obtained results it was concluded that triticale variety has the most important influence on the quality of produced triticale malt.
INTRODUCTION
Triticale (Triticosecale spp. Wittmack) is the first manufactured cereal derived from an amphiploid between wheat (Triticum spp.) and rye (Secale spp.). Research efforts have resulted in triticale becoming environmentally more flexible than other cereals, showing better tolerance to many diseases and pests than its parental species and being capable of producing much higher yields and biomass than other cereals. Consequently, the significant increase in the area of triticale production over recent years is a testimony to its future potential (G l a t t h a r et al., 2003) .
Triticale shows a number of advantages for the grower. The main distinguishing features are as follows: higher grain yield even in unfavorable conditions, higher test weight, resistance to soil-climatic conditions, tolerance to dryness, tolerance to more acid soils and lower requirement of nutrient substances. Also, it does not need as much fertilizer when compared to types and varieties providing the same yields (K u å e r o v á, 2007). Triticale has a lower susceptibility to diseases and pests which attack rye and wheat and this reduces the necessity of chemical protection against harmful agents (O e t t l e r, 2005).
Adjuncts are used in brewhouse operations to increase extract yield and beer stability, and possibly to reduce brewing costs (A g u, 2002 ). The use of cereal-based brewing adjuncts to partially substitute malt in the grist is becoming a standard procedure in brewing today (G l a t t h a r et al., 2003) . It is estimated that the current share of mixed grists of malt and adjuncts reaches 90% (G l a t t h a r et al., 2002) . Despite the undisputed economic role of adjunct utilization, beer quality is based on wort composition rather than wort price. Thus, the brewer needs to ensure that wort prepared from mixed grists of malt and adjuncts does not diminish the traditionally high quality standards (G l a t t h a r et al., 2003) .
In addition to such agricultural considerations triticale shows promising brewing properties (G l a t t h a r et al., 2003) . Some triticale lines contain high levels of amylolytic activity in their unmalted natural form, in conjunction with lower levels of proteolytic activity. Because of this and the low gelatinization range (59-65°C), triticale is capable of degrading its own starch content with efficiencies roughly equal to those of barley malt. Based on these facts, it can be assumed that triticale could be used as a brewing adjunct that would provide high malt ratios (> 30-50%) without the need for the addition of microbial enzymes during mashing, as currently practiced (G l a t t h a r et al., 2002).
Triticale's high a-amylase activity has a positive side for malting and brewing. Using the same malting conditions, P o m e r a n z et al. (1970) compared the malting quality of several triticales from the United States and Canada with U.S. barleys. Triticale had higher malt losses, but higher malt extracts, higher diastatic power, and higher a-and b-amylase activity than barley. G u p t a et al. (1985) confirmed the high malting value of triticale. Additionally, both duration of germination and steeping moisture significantly influenced malt losses; the highest malt losses and the highest enzymatic (amylase and protease) activity were achieved when 42% steeping moisture, instead of 38%, and 4 to 6 days of germination, in the presence of gibberelic acid, were used.
MATERIALS AND METHODS
Eight different triticale varieties, crop 2007, from Rimski Šanåevi location (Serbia), were investigated. The investigations included: (a) triticale analyses; (b) micromalting of triticale; (c) following the changes during micromalting; and (d) analyses of the obtained triticale malts. Triticale and triticale malt analyses were performed using the standard European Brewery Convention, Analytica -EBC (1998) and/or MEBAK (1997) methods. Micromalting was carried out by the standard procedure (S c h u s t e r et al., 1999) using the micromalting plant "Seeger" (Germany). Tap water was used during micromalting. Micromalting scheme of barley samples is presented in The results of triticale analyses, presented in Table 2 , show that the investigated varieties have high thousand-kernel weight (40.30 to 44.03 g dry matter (DM) except for the samples 2, 5 and 6 and high share of 1 st class grains in the samples 1 and 7 (above 90%).
According to the results of physiological analysis, all samples were characterized with satisfactory and good germination and low hydrosensibility except for the sample 7.
The moisture content in all triticale samples was normal, which is important for safe storage. The protein content was very good (bellow 12% dry matter) except in the samples 1 and 8.
The results of triticale micromalting without and with the addition of gibberellic acid are given in Table 3 and 4. The steeping conditions of all barley samples were the same, and regarding the moisture change of grains, the steeping was performed uniformly in all samples. Appropriate steeping level (44.5%) was achieved in all samples. In the samples treated with gibberellic acid much higher steeping level was achieved than in the samples without the addition of gibberellic acid (approximately 1%, depending on triticale vairety). In all triticale varieties treated with gibberellic acid, the malt moisture content was lower than in the non-treated samples. Lower total malting losses were obtained in the samples with the addition of gibberellic acid (approximately 1-2% dry matter). The analytical quality parameters of malts produced from the triticale varieties without and with the addition of gibberellic acid are displayed in Tables 5 and 6 . The test weight of malt was lower in all triticale malt samples treated with gibberellic acid that points to better degradation. The thousand-kernel weights in the samples without and with the addition of gibberellic acid were similar.
The extract content in the fine grist, was very high (above 81% dry matter) in all samples, which is very important for the application of triticale in brewing. Saccharification was very good (bellow 10 minutes) in all samples.
The viscosity of wort and extract difference of finely and coarsely ground malt are the most important parameters of cytolytic degradation, i.e. the most important component is b-glucan; and the lower the parameter, the better the cytolytic degradation. The viscosity of worts produced with the addition of gibberellic acid was lower than in the non-treated samples.
The degradation degree of proteins, expressed as Kolbach indice, presents the percentage share of soluble nitrogen in total nitrogen (S c h u s t e r et al., 1999). In the three samples (1, 5 and 8) not treated with gibberellic acid protein degradation was adequate for malt used in brewing, whereas in the other samples protein degradation was excellent. In all samples treated with gibberellic acid excellent protein degradation was achieved (much higher soluble nitrogen levels). In separate studies, G u p t a et al. (1985) and P o m e r a n z et al. (1970) found that worts obtained from triticale malts were high in nitrogenous compounds and dark in colour, indicating high malt proteolytic activity. B l a n c h f l o w e r and B r i g g s (2006) confirmed that addition of gibberellic acid during the germination of triticale increases protein degradation.
The relative extract VZ 45°C points to activity of proteolytic and other enzymes, with the exception of a-amylase, and is the measure of malt degradation. The standard value for barley malt is 36%. Regarding the presented results of VZ 45°C for the investigated malts, all samples (with and without the addition of gibberellic acid) had very good degradation according to this parameter. -Saccharification. min < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 
CONCLUSIONS
All malt samples produced from different triticale varieties had high extract content. Saccharification was under 10 minutes for all samples, which indicates good activity of amylolytic enzymes. All produced triticale malt samples had high proteolytic degradation. Total degradation expressed as Hartong index VZ 45°C was very good in all triticale malt samples.
The obtained results from triticale and triticale malt analysis, as well as from micromalting confirmed that all triticale varieties could be considered as barley malt replacement in beer production. Gibberellic acid had possitive influence on triticale grain degradation during micromalting.
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